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Human CAP1 is a key factor in the recycling of cofilin
and actin for rapid actin turnover
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Summary

Cofilin-ADF (actin-depolymerizing factor) is an essential
driver of actin-based maotility. We discovered two proteins,
p65 and p55, that are components of the actin-cofilin
complex in a human HEK293 cell extract and identified p55
as CAP1/ASP56, a human homologue of yeast CAP/SRV2
(cyclase-associated protein). CAP is a bifunctional protein
with an N-terminal domain that binds to Ras-responsive
adenylyl cyclase and a C-terminal domain that inhibits
actin polymerization. Surprisingly, we found that the N-
terminal domain of CAP1, but not the C-terminal domain,

and/or the C-terminal domain of CAP1. Moreover, CAP1
and its C-terminal domain were observed to facilitate
filament elongation at the barbed end and to stimulate
ADP-ATP exchange on G-actin, a process that regenerates
easily polymerizable G-actin. Although cofilin inhibited the
nucleotide exchange on G-actin even in the presence of the
C-terminal domain of CAP1, its N-terminal domain
relieved this inhibition. Thus, CAP1 plays a key role in
speeding up the turnover of actin filaments by effectively
recycling cofilin and actin and through its effect on both

is responsible for the interaction with the actin-cofilin  ends of actin filament.
complex. The N-terminal domain of CAP1 was also found
to accelerate the depolymerization of F-actin at the pointed

end, which was further enhanced in the presence of cofilin
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Introduction G-protein, Ras (Field_et al., 1990; Fe_dor-Chaik_en et al., 1990).
Actin-based motility, such as lamellipodial protrusion, isCAP has three domains. The N-terminal domain binds to Cyrl
driven by the directional elongation of actin filaments@Nd is involved in its Ras-responsiveness (Gerst et al., 1991;
(reviewed in Mitchison and Cramer, 1996). In addition toMintzer and Field, 1994; Nishida et al., 1998). The C-terminal

elongation at the barbed end (fast-growing end) of the filame ’olmain. binds to G-actin Iand stroggly inhibifts a}ctinf
continuous movement requires efficient recycling of used actifolymerization (Freeman et al., 1995). The precise function o

subunits, which is mediated by the release of actin monomefd€ intérnal, proline-rich- domain of CAP is still unclear.
from the pointed end (slow-growing end) of the filament.Czrgzmalé ft}?v(e: Aaptlleasé t(\év:PgAFk hc&n;\oplc;guezs éCAPlb and
Although their release is very slow when actin is isolated ). Bo an , lIke fvs, have been

cofilin/ADF dramatically accelerates this process at the pointer ported to bind to G-actin at their C-terminal domains and not

end and, as a result, enhances the turnover (or treadmilling) tf their ‘N-terminal domains (Hubberstey et al., 1996).
actin filaments (Carlier et al., 1997; Rosenblatt et al., 1997 ecently, a CAP homologue Drosophilahas been reported

Thus, cofilin has an essential role in the recycling of actirgO play a role in developmental morphogenesis, probably

subunits required for actin-based motility. Cofilin, however,é];alrfgtltzleﬁfgég)n the actin cytoskeleton (Benlali et al., 2000;

strongly inhibits nucleotide exchange on G-actin (Nishida, \ye found two proteins. p65 and p55. in relative abundance
1985; Blanchoin and Pollard, 1998), a process that regenerajgsie actin-cofiliﬁ complé)F() of a huFr)naﬁ cell extract, and we
readily polymerizable ATP-actin monomers. This property Ofyetermined p55 to be CAP1. Partial sequencing of the p65
cofilin presents a serious obstacle to the rapid turnover of actfbptides revealed that it is a homologue of actin-interacting
filaments. It is thought that this obstacle might be avoided erotein 1, Aip1 (K.M. and L.Y., unpublished). Several lines of
regulation of cofilin-phosphorylation/dephosphorylation ineyidence indicate that Aip1 homologues assist cofilin through
vivo (Rosenblatt and Mitchison, 1998; Chen et al., 2000)jateral association with F-actin (lida and Yahara, 1999; Okada
because higher eukaryotes possess cofilin-kinases (includiag al., 1999; Aizawa et al., 1999; Rodal et al., 1999). Thus,
LIM kinases) that inhibit cofilin through phosphorylation CAP1 may also support cofilin function. Here, we have
(Arber et al., 1998; Yang et al., 1998). It is thought thaicharacterized human CAP1, and its N- and C-terminal
phosphorylation of cofilin causes the release of bound ADRdomains, in terms of its ability to regulate actin dynamics and
actin, which is, in turn, converted to free ATP-actin and usedo-operate with cofilin. Our novel findings demonstrate that
in the next round of polymerization. CAP1 effectively recycles actin and cofilin, thereby allowing a

CAP/Srv2 was first identified i8. cerevisia@s a binding rapid turnover of actin filaments, which is an essential driving
partner of adenylyl cyclase, Cyrl, which is activated by a smafbrce behind cell motility.
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Materials and Methods previously described for His-tagged cofilin (Moriyama et al., 1996).
Plasmid construction Full-length CAP1 was prepared from HEK293 cells with a His-tag at

PQE-cof.His or pQEH-cof were used for the bacterial production ofts N-terminus. Cells (50 dishes) were transfected with pUSH-CAP1.

: - . etidina. .y i fter 2 days, lysate was prepared and applied to?adelumn. The
porcine cofilin carrying a hexahistidine-tag (His-tag) at the C- or théAoIumn was washed thoroughly with a 0-800 mM NaCl gradient in

N-terminus, respectively (Moriyama et al., 1996). Recombinang :
: TP o ; ; mM Tris-HCI, 0.1 mM ATP, 0.05 mM DTT, 0.5 mM PMSF (pH
porcine cofilin without a His-tag was prepared as previously describ '5). Following this, the protein was eluted using a 10-500 mM

(Mgg}é%rga (\j\}a?sllc’:olr?sgt?&cted by replacing Mwl/Bpul 102 I-portion imidazole gradient in the same buffer. Peak fractions were dialysed

of pQEH-cof with a polylinker sequence:GCATGGCTAGQCAT- and fractionated with a SP-Sepharose column and a 0-700 mM
CATCACCACCATCAGGCtctagaGTCG ACCTGC AGGCATGCAA- gradient of NaCl. Peak fractions were concentrated and processed in
GCTTCGACCTCGAGGGGGGGCCCGGTACCCGGGGATCCAG- Wo different columns. One aliquot was gel-filtrated through a
ATCAGCTTAATTAGCTGAGC-3, in which the italicized sequence SUPerdex 200pg column (HR16/60), and the other was reapplied onto
encodes for a His-tag and the lower case letters repreXdyat aite. a N'2+ column. The latter COll“.'mn was W‘."IShed with 4.M urea, 20 mM
This operation eliminated any cofilin-encoding sequences. Anoth -Fr.'s"éilp(fHTﬁ) in order ;0. “t;\elgite actlnltha;[j Washtlgh(t)ly588un(,i\/lto
vector, pHSE63, was made by replacing Med/Xba portion of IS6-" - Then, pure HisC was eluted with a 0-500 m
PQE63H with the S-tag-encodirgcd/EcaRI-170 bp of pBAC-2cp gradient of imidazole. Purified CAP1 and its domains were dialysed

(Novagen, Madison, WI), in which GAATtctaga was the junction 20 MM Tris-HCI, 50 mM KCI, 0.2 mM DTT (pH 7.5). The protein
between the&caRI- andXba sites. concentration was determined by the method of Gill and von Hippel

ILM.A.G.E. Consortium human EST clones zr28g06 (encoding(Gi” and von Hippel, 1989), because CAP1 domains exhibited only

CAP1) and au45b04 (encoding CAP2) were obtained from Genonfe little difference (within 5.9%) in absorbance at 280 nm between
Systems (St. Louis, MO). The 690 bp cDNA fragment encoding th&ative and denatured states.
N-terminal domain of CAP1 (CAP1-NT) was substituted for the
Nhd/BanHI portion of pQE-cof.His. This product, pQE-CAP1- A b dies
N229.His, directed the efficient expression of 229 CAP1 N-termina . .
residues inE. coli. The 670 bp fragment encoding the C-terminal SE-CAPN254 . (CAP1-CT) was cleaved W't.h enteroklnasg
domain of CAP1 (CAP1-CT) was transferred idtoal/Hindlll sites  (Novagen), leading to the release of an N-terminal extra peptide
of pHSE63, thereby generating pHSE-CARS4, which directed (cg?tammg His- and S-tags), which was removed by adsorption to a
moderate expression of 221 CAP1 C-terminal residué&s ooli. Ni#* column. Rat antiserum to CA.P.l'CT was m_ade by Sawady
PUSR-cof.HA and pSRA7-cof have been used to express HAlEChnology (Tokyo, Japan) and affinity-purified with a CAP1-CT-
tagged cofilin in mammalian cells (Moriyama et al., 1996). In thecon_]ugated Sepharose  column. AIkalme-phosphatase-labeled
present study, the 690 bp fragment encoding CAPLNT wa ntibody to rat IgG was purchased from IQN Biomedicals (Aurora,
substituted for the cofilin-coding region of pUSR-cof.HA in order toOH)- Cy3-conjugated anti-rat IgG was obtained from Jackson (West
make pUSR-CAP1-N229.HA. pUSR-CAP2-N228.HA  was Grove, PA). Rabbit antibodies to actin, cofilin and a mouse antibody
constructed in a similar manner. pSRA-CAR54 was made by to an HA-tag (12CA5) were previously described (lida et al., 1992;

replacing the cofilin-coding region of pSRA7-cof with the Moriyama etal., 1996).
Xbd/BarH| 670 bp fragment of pHSE-CAR254. pUSH-CAP1 was

generated from pUSH-cof, then used for the production of His-tagg ;
CAP1 in HEK293 cells. ®Subunit exchange assay

cDNAs for human p5%P (coronin), fascin, EFd and CAP1 were Pre_paration ofN-(1-pyrene) iodoacetamide-labeled actin (pyrene_-

obtained from human U937 mRNA by RT-PCR. Plasmids foractin) and the method of fluorescence measurement were described
Brewously (Moriyama and Yahara, 1999). (81 Mg-actin was

polymerized in the presence or absence of 18 nM gelsolipl 40
fully polymerized actin was removed and added tqub6f 17 mM
Tris-HCI, 10 mM Hepes-KOH, 2 mM Mggl100 mM KCI, 0.5 mM
EGTA, 0.1 mM DTT (pH 7.2) containing the CAP1-domains and/or
Preparation of cofilin-associated proteins cofilin. Then it was immediately mixed with 20 of 1.2 uM pyrene-
HEK293 cells were transfected by lipofectamine (Gibco BRL, Grandictin monomer (50%-labeled), which had been converted to its Mg-
Island, NY) using a plasmid that drives the expression of Caj-His ATP-bound form just before being added. The incorporation of
porcine cofilin carrying a His-tag at its C-terminus. After 2 days Pyrene-actin into unlabeled F-actin was monitored by a Perkin-Elmer
confluent cells were rinsed with Hepes-buffered saline and lysed #>-20B Luminescence spectrophotometer.
lysis solution (20 mM Tris-HCI, pH 7.5, 0.5% Triton X-100, 0.1 mM
DTT, 1 mM PMSF, 2ug/ml aprotinin, 1Qug/ml leupeptin). The crude .. .. . -
lysate was clarified by centrifugation, quantified for proteinD'lunon"nduce?I depolymerization assay . .
concentration using Bio-Rad protein assay reagent and adjusted tc-8 MM Mg-actin (10% pyrene-labeled) was polymerized in the
mg/ml by diluting with the lysis solution. Then, 0.5 ml of the lysatePresence or absence of 40 nM gelsolin over the course of 4 hours.
was incubated with 3@l of Ni2*resin to adsorb Cof-Hisand Dgpolymerlzatlon was initiated by a 20-fold dilution with 20 mM
associated molecules. The resin was washed three times with the ly$fs-HC! (pH 7.5), 2 mM MgGJ, 100 mM KCI, 0.5 mM EGTA, 0.1

solution and bound material was eluted by exposure to increasif§M DTT containing the CAP1-domains and/or cofilin. The decline
concentrations of NaCl. In fluorescence was immediately monitored. The dilution solution for

the gelsolin-capped filaments was supplemented with 2 nM gelsolin-
actin complex to cap the barbed ends.

mammalian expression of their HA-tagged forms were created in
similar manner to pSRA-CARR54 and used for the experiment
shown in Fig. 1B.

Protein expression and purification

The N- and C-terminal domains of CAP1 were expressdsl itoli ) ) o

BL21(Rep4) carrying pQE CAP1-N229.His and pHSE-CAP34,  Observation of actin turnover kinetics

respectively. CAP1-CT contained both a His-tag and an S-tag at ilshe kinetics of actin filament turnover (treadmill) were observed
N-terminus, whereas CAP1-NT possessed only a C-terminal His-tagsing 1N6-etheno ATP(eATP)-labeled F-actin, which was prepared
The domains produced were purified using @*Nsolumn, as according to the procedure of Didry et al. (Didry et al., 1998)M6
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A B C Fig. 1.ldentification of human cellular
proteins associated with the cofilin-actin
Mr complex. (A) HEK293 cells were transfected
(x103) — 4 123 with either a plasmid that drove the expression
of Cof-Hiss (lane +), or a control vector (lane
200- —). Cell lysate (3 mg protein equivalent) was
P S incubated with Ni*-NTA resin to adsorb Cof-
116— S Ny (,;\ £ QA Hiss and associated proteins. Bound material
8= = HAtag= @ Q> @ (¥ <& was eluted with step-wise increments in the
66— =8 &= _ 65 Cof.(His)suT o= — o — o = concentration of NaCl. The eluate was
5 - p55 | P55 electrophoresed on a 10-20% polyacrylamide
45— < actin bound — gradient gel and silver stained. The lanes of
= the 300 mM NacCl eluates ares shown. The
== B4 arrowheads point to bands that were recovered
== lysate O - specifically from Cof-His-producing cells. A
a2 - small amount of Cof-Hisleaked out of the
01— < resin as a result of NaCl washing (arrow).
] (B) HA-tagged actin-binding proteins (p4?,
14— fascin, CAP1 and EFl) were expressed

separately in HEK293 cells with (+) or

without (—) co-expression of Cof-HisCof-
Hisg-associated protein fractions were prepared as above. Crude lysates (lysate) and 500 mM NaCl eluates (bound) werevsesiected to
blotting with an anti-HA MADb (clone 12CAD5). The size of the bands is around 55kDa. (C) Anti-CAP1 blotting of p55. Crudéalysdte
and 300 mM NaCl eluates fromNiresin (lanes 2 and 3) were subjected to western blotting with an affinity-purified rat IgG to CAP1. The
NaCl eluate from Cof-Hisproducing cells is clearly positive for the CAP1 signal (lane 3), in contrast to the eluate from non-expressing cells
(lane 2).

eATP-actin was converted to its Mg-bound form and was polymerizedhitrilotriacetic acid (NTA) resin from an extract of HEK293,
in the presence or absence of the CAP1 domains and/or cofilin in 30 human kidney-derived cell line. An immunoblot with anti-
mM Tris-HCI, 7 mM Hepes-KOH, 2 mM Mgl 100 mM KCl, 20 40tin antibody indicated that one of the three proteins was

UM eATP, 0.5 mM EGTA, 0.1 mM DTT (pH 7.1). After a steady state _ . -
(apparent equilibrium) was reached, ATP was added at a findctin, as expected (data not shown). We designated the other

concentration of 0.25 mM, and the fluorescence was recorded BWO proteins as p55 and p65 on the basis of their mobility on

measuring emission at 410 nm and excitation at 360 nm. the SDS polyacrylamide gel (Fig. 1A). Because mutant
Nucleotide exchange reaction on G-actin 123456
15 pM of Ca-actin was incubated in §M MgCl> with 0.2 mM Mra B
EGTA in G-buffer (2 mM Tris-HCI, 0.2 mM ATP, 0.1 mM CagC0.1 (x10%)

mM DTT, pH 7.8) for 5 minutes and then reacted with 20 units/ml of

hexokinase (Sigma, St. Louis, MO) and 0.3 mM D-glucose. After 2 200

hours at 4°C, free nucleotides were removed with a Dowex1-X8 io

exchange resin. The remaining 3 of Mg-ADP-actin was

supplemented with 3@M ADP. 10 pl of Mg-ADP-actin monomer 116 +

was mixed with an equal volume of 8/ cofilin or its solvent for g3

3 minutes. Then, 100l of 60 uM eATP solution containing the CAP1

domains was added, and the increase in fluorescence was recorc 66 W
The reaction buffer contained 20 mM Hepes-KOH, 8 mM Tris-HClI,
2 mM MgChk, 80 mM KCI, 0.1 mM EGTA and 0.1 mM DTT (pH

-—--“1

6.9). 45 Mg ———
Other methods 3q =

Co-sedimentation with F-actin, His-tag pull-down assay and ge

densitometry were performed as described by Moriyama and Yaha 21

(Moriyama and Yahara, 1999). The methods used for western blottir

and immunostaining of fibroblasts were previously described b

Moriyama et al. (Moriyama et al., 1996). Fig. 2. Purification of Hig-CAP1. HEK293 cells were transfected
with pUSH-CAP1. The cell lysate was prepared (lane 2), angd His
CAP1 was successively enriched upon &MITA- (lane 3) and a

Results SP-Sepharose column (lane 4). Although gel filtration through a

: : [ . Superdex 200 column could not separate bound G-actin frogn His

Human C_APl assoc@es with _a COf_”"?'aCtm complex . CAP1(lane 5), bound actin was liberated by treating tR&- Ni

In a previous study aimed at identifying the phosphorylatiotcojumn-bound His CAP1-actin complex with urea. Pure HSAP1

site of porcine cofilin (Moriyama et al., 1996), we recoverecwas then eluted with imidazole after the urea was removed (lane 6).

three proteins bound to His-tagged cofilin usingZ*Ni Molecular size standards were run on lane 1.
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Fig. 3. Effects of human CAP1 on actin dynamics. (A)dGAP1

A i 807332';2" promotes the turnover of F-actin in the presence of cofiliiM6
__120 A 24 CAP1 1,NS-etheno ATP £ATP)-actin was polymerized with or without
S "o, --@--4.5 Cof cofilin and/or Hig-CAP1. The intensity ofATP fluorescence is
< 3 ‘~.. --B- 4.5 Cof, 0.3 CAP1 higher when it is bound to actin (Wang and Taylor, 1981). After a
:,' L ‘x. --A--4.5 Cof, 0.7 CAP1 steady state was reached, excess unlabeled ATP was added to chase
= sol: e - +-- 4.5 Cof, 2.4 CAP1 chztri]n-bo#rl;othP, afnd tfhle det;l\i_Pg ilg fluorescencl;e was (rjecorded.
Q A O~ DR 0 though binding of cofilin t&eATP-F-actin was observed to
§ . . 220 1 increase the basal intensity of fluorescence, it was possible to semi-
5 NN '._._ quantitatively evaluate CAP1 activity. The Iegends of each_graph
=] RN _‘l-i.._.__._. state the protein concentrationpii. ‘Cof’ designates bacterially
L 40t "ﬁ'—ﬁ+ﬁ.-ﬂ4'&:.§3;g produced porcine cofilin without a His-tag. (B) Effect of ¢-ZAP1
0 . 2(')0 - 4(‘)0 - 660 : on the rate of actin depolymerization. Gelsolin-capped actin
. filaments (10%-pyrene labeled) were diluted 20-fold in the presence
Time (seconds) or absence of HiSCAP1 and/or cofilin. The fluorescence intensity
B o 1o addition -—-e—-0.1 Cof was recorded to monitor gradual depolymerization. Pyrene-labeled
0.1 CAPL «-B-01Cof. 0.1 CAPL actin is more fluorescent when it is in F-actin than in its _
| A 0.2CAPL A0l Cof: 0.2 CAP1 unpolymerized state (Kouyama and Mlhashl, 1981). (C) Subunit
</ 0.5 CAP1 ¥ 0.1 Cof, 0.5 CAP1 exchange assay using F-actin seeds with free barbed ends. Unlabeled
’3-‘ F-actin was mixed with cofilin and/or H€AP1, then a small
& amount of pyrene-labeled Mg-G-actin was immediately added. The
~ incorporation of pyrene-actin into unlabeled F-actin was monitored
ch by the change in fluorescence. Final concentrations of pyrene-actin
Q and unlabeled actin were QUR1 and 2.0uM, respectively.
03
o
I_—:L” CAP1 dramatically enhances the effects of cofilin on
. actin dynamics
0 200 400 600 800 We expressed His-tagged CAP1 in HEK293 cells and purified
Time (seconds) it by column chromatography (Fig. 2). Gel filtration through a
C Superdex 200 column suggested that CAP1 exists in a large
—O~no addition  --@--1 Cof complex (possibly an oligomer) because it eluted between the
:ig;é SQE} _2123; 8j§ SﬁEi elution positions of ferritin (440 kDa) and thyroglobulin (669
—V—1CAP1 =¥ 1 Cof, 1 CAP1 kDa). Some of the CAP1 molecules were tightly associated
L ®-L8CAP —& - 1Cof, 18 CAPL with actin at this step (Fig. 2, lane 5). At the second round of
= ) """l--._._ chromatography on a R&fi column, the bound actin was
§ 30 ,fﬁ'_'ﬁ~:&,j&--t--’=1‘-l;‘ eIimi_nated by washing .With urea, and pure ¢-CAP1 was
g X ",-;a.‘._,__,___v_‘__‘:ﬁ;_f;__-ﬁ;f; ot_Jtalned after renaturation (Fig. 2, Iang 6). When the purified
= f.&_f‘o-o—o-<>~ _ Hise-CAP1 was gel filtered as above, it also eluted between
o ,ﬁ/ /D_D_/D%”‘?:DQE ferritin and thyroglobulin even in the absence of actin, further
@ 20F—- suggesting that CAP1 is oligomeric (data not shown).
§ The effect of Hissx CAP1 on cofilin-induced changes in actin
T dynamics was examined in the following experiments (Fig.
10 , , , 3A-C). One of the unique functions of cofilin is the remarkable
0 100 200 acceleration of the turnover (or treadmilling) of actin filaments
Time (seconds) (Carlier et al., 1997; Rosenblatt, 1997; Lappalainen, 1997). In

the presence of cofilin, the steady-state turnover of F-actin was

dramatically accelerated by CAP1 (Fig. 3A). The faster
cofilins lacking actin-binding activity did not recover either of turnover of F-actin with cofilin is primarily brought about by
the two proteins, they were presumed to interact primarilyts activity to speed up depolymerization at the pointed end of
with actin. To identify p55, we selected four actin-bindingactin filament (Carlier et al., 1997; Moriyama and Yahara,
proteins with similar molecular sizes as the candidates. ThE999). CAP1 moderately stimulated the depolymerization of
selected proteins were p&%7 of the coronin-family (Suzuki gelsolin-capped actin filaments both in the presence and
et al.,, 1995), fascin (Duh et al., 1994), CAP1/ASP56 andbsence of cofilin (Fig. 3B). 08M of CAP1 increased the
EFla (Brands et al., 1986). His-tagged cofilin was co-apparent rate constant for depolymerization by 1.7-fold in the
expressed with each of the four proteins carrying an HAabsence of cofilin and 1.9-fold in its presence (Fig. 3B). In
epitope tag at their N-termini in HEK293 cells. Whole celladdition to such stimulation of subunit release at the pointed
lysate and Hiscofilin-bound fractions were prepared andend, we found that CAP1 promoted the cofilin-enhanced
subjected to western blotting with an anti-HA antibody (Fig.turnover of F-actin by facilitating actin assembly at the barbed
1B). The results suggested that the band of p55 containemhd of actin filament. CAP1 increased the maximal rate of
CAP1. Thus, we prepared an antibody to human CAP1 aridcorporation of actin monomers into pre-existing actin
verified that CAP1 was actually present in thegHisfilin-  filaments in the presence of cofilin (Fig. 3C; Fig. 5E). These
bound fraction (Fig. 1C). results clearly contrast with those of a number of studies
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Fig. 4. The N-terminal domain of CAP1 is responsible for its cofilin-
dependent interaction with unpolymerized actin. (A) The cofilin-
actin complex interacts with CAP1-NT but not with CAP1-CT. G-
actin (29uM) was converted to the Mg-ATP-bound form by a 5
minute incubation in 40M MgCl2 plus 0.5 mM EGTA. 1M of

each Hig-tagged CAP1 domain was mixed with pui of G-actin,

15 uM cofilin, or both, in a physiological salt buffer (lanes 1-6) or in
a low salt buffer (lanes 7-12) at 2°C. Then,gtmgged proteins and
associated molecule(s) were adsorbed tc?&idsin. The resin was
washed four times with 10 mM Tris-HCI, 1 mM MgC50 mM KCl,
0.01% Triton X-100, 0.1 mM ATP, 0.1 mM DTT (pH 7.5), then

boiled in SDS sample buffer. The bound and unbound fractions were
analyzed by SDS-PAGE. NT-His designates the-ttigged N-

terminal domain (amino acids 1-229) of CAP1, and HSE-CT
designates the C-terminal domain (amino acids 255-475) carrying
both Hig- and S-tags. (B,C) Co-sedimentation of the CAP1 domains
with F-actin. F-actin (7.2M for B and 6uM for C) was reacted

with various amounts of CAP1-CT (B) or CAP1-NT (C) in the
presence (+ cof) or absence (— cof) of cofilipk4 cofilin for B and

6 uM for C). After 6 hours, the samples were centrifuged at
190,000g for 20 minutes with a Beckman TLA100 rotor. The
supernatant and precipitate were subjected to SDS-PAGE. The
amount of sedimented protein was quantified with a densitometer
and plotted as a function of the amount of the respective CAP1
domains. Both of the CAP domains did not sediment in the absence
of F-actin (data not shown).

concentrations of CAP1 were less effective (Fig. 3C; Fig. 5E).
Furthermore, such a biphasic pattern of stimulation was
observed even in the absence of cofilin when the amount of
CAP1 was decreased. The optimal concentration of CAP1 was
lower (~0.2uM) than that observed in the presence of cofilin
(Fig. 3C; Fig. 5E). Thus, high concentrations of CAP1 inhibit
subunit incorporation into F-actin. This may account for some
of discrepancy between our results and those of previous
studies (Gieselmann and Mann, 1992; Freeman et al., 1995).
CAP1 did not facilitate subunit incorporation into gelsolin-
capped filaments and rather prevented it in the absence of
cofilin (data not shown), indicating that CAP1-facilitated
assembly of actin occurred solely at the barbed end of actin
filament and that CAP1 does not sever actin filament. These
properties of CAP1 are qualitatively similar to those of profilin,
as discussed later.

The N-terminal domain of CAP1 mediates its cofilin-
dependent interaction with actin

According to the available literature, CAP homologues exert
their effects on actin exclusively by their C-terminal domains.
We expressed both domains of CAPEincoli, purified each
one and examined their activity. A simple binding assay
verified an association between the C-terminal domain of
CAPL1 (CAP1-CT) and actin (Fig. 4). The complex of actin and

concerning CAP1 or CAP homologues (Gieselmann an€AP1-CT bound tightly to DNase | (data not shown),
Mann, 1992; Freeman et al., 1995; Gottwald et al., 1996)ndicating that the bound actin was G-actin, consistent with
because they have reported that CAP homologues are stropigevious reports. Neither the cofilin-actin complex nor actin-

inhibitors of actin polymerization.

The cause of thisfree cofilin were, however, bound by CAP1-CT, although p55

discrepancy is implicated, in part, in the results shown in Figwas originally found within a complex containing both cofilin
3C. We noticed that CAP1 had a biphasic effect on the rate ahd actin (Fig. 1). This suggests that another region of CAP1

subunit

incorporation

into F-actin as a function ofmight mediate binding with the complex. The N-terminal

concentration in the presence of cofilin, that is, a dosedomain (CAP1-NT) did not bind G-actin efficiently in the

dependent increase was observed up taML but higher

absence of cofilin, whereas the CAP1-CT did (Fig. 4A).
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Fig. 5. Effects of the N- and C-terminal domains of human CAP1 on
actin dynamics. (A) Effect of the CAP1 domains on the turnover of
F-actin.eATP-actin was polymerized as in Fig. 3A. After a steady
state was reached, unlabeled ATP was added and the decline in
fluorescence was recorded. 2.4 CT and 2.4 NT represeniR.4
CAP1-CT and 2.44M CAP1-NT, respectively. (B) Effect of the

CAP1 domains on the rate of actin depolymerization. Gelsolin-
capped actin filaments (10%-pyrene labeled) were diluted in a
solution containing the CAP1 domains with or without @M of

cofilin. When both CAP1 domains were simultaneously used, CAP1-
NT was added at a final concentration @M (triangles, plots ¢ and

e). The gradual depolymerization was monitored as in Fig. 3B. The
apparent rate constamkfp) of each curve was calculated and plotted
as a function of the amount of the respective CAP1-domajusl 6
vitamin-D-binding protein (DBP) was used as a control actin-
sequestering protein, which does not affect the depolymerization rate
constant at the pointed end (Weber et al., 1994). (C,D) Effect of
CAP1 domains on the rate of nucleotide exchange on G-actin. Mg-
ADP-actin was mixed with cofilin or its solvent for 3 minutes. Then,
€ATP and CAP1 domains were simultaneously added and the
exchange of actin-bound ADP ¢8TP was monitored as

fluorescence increased. Final concentrations of actin, cofilin, CAP1-
NT andeATP were 1uM, 1.5uM, 2 uM and 50uM, respectively.

The exponential curve was fitted for each trace and drawn in the
graph C. The apparent rate constakigp of exchange reactions

were calculated and plotted as a function of the amount of CAP1 or
CAP1-CT (D). (E) Subunit exchange assay using F-actin seeds with
free barbed ends. Unlabeled F-actin was mixed with cofilin and/or
the CAP1 domains, then a small amount of pyrene-labeled Mg-G-
actin was immediately added. The incorporation of pyrene-actin into
unlabeled F-actin was monitored as in Fig. 3C. The maximal rate
(near initial rate) of each fluorescence trace was derived, normalized
and plotted as a function of the amount of CAP1 or CAP1-CT. The
results with the use of M cofilin were plotted by filled symbols,

and those with the use ofM CAP1-NT were shown by triangles.

Surprisingly, when cofilin was present, CAP1-NT bound both
actin and cofilin effectively, whereas CAP1-CT bound only
cofilin-free G-actin under physiological ionic condition (Fig.
4A, lanes 1-6). Cofilin did not directly associate with CAP1-
NT in the absence of actin, which suggests that cofilin
strengthens the otherwise weak association between
unpolymerized actin and CAP1-NT.

The association of CAP1 domains with F-actin was assessed
by examining their co-sedimentation with polymerized actin
(Fig. 4B,C). In the absence of cofilin, both N- and C-terminal
domains of CAP1 slightly sedimented with F-actin. However,
co-sedimentation of CAP1-NT and CAP1-CT with F-actin was
almost non-existent following the inclusion of cofilin (Fig.
4B,C). The possible oligomeric nature of the full-length CAP1
made it difficult to evaluate its lateral association with F-actin
(the CAP1-actin complex obtained from the Superdex column
step was partially sedimented by analogous centrifugation).
CAP1-CT efficiently decreased the amount of sedimentable F-
actin both in the presence or absence of cofilin (Fig. 4B).
Interestingly, CAP1-NT decreased the amount of sedimentable
F-actin in the presence of cofilin but not in its absence (Fig. 4C).

Novel roles for the N- and C-terminal domains of CAP1

in stimulating cofilin-enhanced actin dynamics

The effect of each CAP1 domain on actin dynamics was
examined. As well as full-length CAP1, both CAP1-NT and
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Fig. 6. Colocalization of CAP1 with
cofilin, and analysis of factors that
determine its localization.

(A,B) Spreading mouse C3H-2K
fibroblasts were fixed and incubated with
arat anti-CAP1 IgG and a rabbit
antibody to actin (A) or cofilin (B),
followed by labelling with a Cy3-labeled
anti-rat IgG and a fluorescein-labeled
anti-rabbit IgG. The lamellipodia are
indicated by arrowheads, whereas the
ruffling areas are indicated by arrows.
(C) HA-tagged CAP1-NT was
transiently expressed in C3H-2K cells
(panels a-d) by lipofection. HA-tagged
CAP1-CT (panels e and f) or HA-tagged
CAP2-NT (panels g and h) were
expressed as well. Transfected cells were
split onto coverslips, and the spreading
cells were fixed and reacted with a
mouse anti-HA and a rabbit antibody to
actin (panels a, b, e and f) or to cofilin
(panels ¢, d, g and h), after which they
were stained with a Cy3-labeled anti-
mouse IgG and a fluorescein-labeled anti
rabbit I9G. The lamellipodia are
indicated by arrowheads (for CAP-NTSs)
or arrows (for CAP1-CT). The white bar
represents 1Qm.

CAP1-CT enhanced cofilin-induced acceleration of F-actiracceleration observed with CAP1-CT in the absence of cofilin
turnover, whereas their effect was only marginally visible in(data not shown). When G-actin was complexed with cofilin,
the absence of cofilin (Fig. 5A). It was noted that either CAP1lhowever, CAP1-NT enhanced the stimulative effect of CAP1-
NT or CAP1-CT exhibited weaker enhancement of cofilinCT and reproduced almost similar effects to those obtained
activity than full-length CAP1, but the simultaneous additionyith full-length CAP1 (Fig. 5C,D). Therefore, CAP1 promotes
of both domains produced activity almost equal to that of fullactin dynamics not only by enhancing the stimulatory effects

length  CAP1 (Fig. 5A). CAPL-NT also increased theqf cofilin with regard to actin turnover but also by reducing its
depolymerization rate of gelsolin-capped actin filamentsyynipitory effect.

which was faster in the presence of cofilin and/or CAP1-CT 'cap1’failitated the assembly of actin monomers onto the
(Fig. 5B). This effect was significant even in the absence qf,haq end of pre-existing actin filaments (Fig. 3C). The same
qu'"n (F'g'.5B)’ suggesting a-dlrect interaction of CAPl'NTexperiment was carried out with the CAP1 domains, and the
with the pointed end of actin filament. maximum rates of subunit incorporation were derived (Fig.

We found another novel activity of CAP1. It dramatically ; .
accelerated nucleotide exchange on G-actin, a process ?E) 0'2'0.'5“'\/' of CAPl-CT mcrease;d the max'.m‘?" rate O.f
ncorporation of actin monomers into pre-existing actin

regenerate readily polymerizable ATP-actin (Fig. 5C,D). The. . - i~
C-terminal domain of CAP1 had a similar effect (Fig. 5C,D). |Iamer)ts in the absence of cofilin. In the presence of cofilin, a
The opposite effect was reported for cofilin/ADF (Nishida,/2r9€r increase was observed, up tojiM3of CAP1-CT. The
1985; Blanchoin and Pollard, 1998). In fact, cofilin remarkablyPiPhasic profile of this effect with CAP1-CT resembled that
delayed the nucleotide exchange (Fig. 5C). This property dPtained with full-length CAP1 (Fig. SE).{iM of CAP1-NT
cofilin must pose a serious obstacle to the rapid turnover @fid not obviously affect this activity of CAP1-CT (Fig. 5E),
actin filaments. With regard to cofilin-bound G-actin, CAP1-but @ much larger amount of CAP1-NT inhibited the subunit
CT showed weaker nucleotide exchange activity than CAPMcorporation into F-actin either in the presence or absence of
(Fig. 5C,D). CAP1-NT did not affect the rate of nucleotideCAP1-CT and/or cofilin (data not shown). Thus, CAP1-NT
exchange in the absence of CAP1-CT, even when cofilin wasnnot enhance cofilin-induced fragmentation of actin
present (Fig. 5C). In addition, it did not show any effect on thélaments nor facilitate elongation of them.
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CAP1 z 4 Fig. 7. A schematic model of co-operation between
nuceotide exchange O&ZD CAP1 and cofilin in promotion of actin dynamics. The
OO

& e
ﬁ‘? ADP ATP

ATP-actin ADP-actin
- : 47
1 ATP-hydrolysis Pi-release (A

working steps of CAP1 are indicated by open
arrowheads. (1) CAP1 facilitates the addition of Mg-
ATP-actin monomer onto the barbed end of actin
filament. Cofilin-induced severing also contributes to
this step by increasing the number of barbed ends.

(2) CAP1 accelerates subunit release at the pointed end
and enhances the more potent, analogous effect of

by cofilin
pointed end

bafEd S”d a - (— end cofilin. (3) CAP1 relieves the inhibitory effect of cofilin
(+en ADP-Pi-actin ADP-actin \—/ O on nucleotide exchange of ADP-actin. (4) CAP1
cofilin accelerates nucleotide exchange on G-actin.
CAPL1 colocalizes with cofilin and actin in dynamic concentration range of CAP1. The observed effects of cofilin
regions of spreading cells must be caused by its ability to sever actin filaments, which

Immunofluorescent staining of spreading fibroblasts showeticreases the number of barbed ends where rapid addition of
colocalization of CAP1, cofilin and actin in dynamic regionsSUbunits occurs. Previous reports might have overlooked this
of the cells (Fig. 6A,B). CAP1 was present with actin in thdMmportant consideration when examining CAP1 and CAP

lamellipodia, but little was observed on the stress fibers (Figlomologues because of the narrow effective concentration
BA). It also existed with cofilin in the lamellipodia and in the '@nge in the absence of cofilin. In addition, many studies have

dorsal ruffles (Fig. 6B). CAP1 was also diffusely present in th&!S€d Ca-ATP-actin instead of Mg-ATP-actin, which is the
inner cytoplasm, as was cofilin. predominant form of actin in living cells.

Next, we expressed CAP1-NT or -CT carrying an HA1- This is the first report to reveal the association between actin

epitope tag in fibroblasts and examined the localization of ea@!d the N-terminal domain of CAP. Interestingly, this
domain (Fig. 6Ca-f). CAP1-NT clearly colocalized with actinNtéraction is dramatically enhanced by cofilin and is

and cofilin in the lamellipodia (Fig. 6Ca-d). In contrast, CAP1.éSPonsible for CAP1 binding to the cofilin-actin complex.
CT was primarily distributed diffusely throughout the Previous studies have failed to observe the association between

cytoplasm and only weaker staining was visible even in th ctin and the N-terminal domain of CAP1 or CAP homologues

actin-rich area of lamellipodia (Fig. 6Ce,f: arrow). Thus, th ecause of the cofilin-dependent nature of the interaction.

; o Qo ; . Cofilin prevents several actin-binding molecules, such as
N-terminal domain is primarily responsible for accummat'ngtropomy%sin and phalloidin, from asso%:iating with F-actin by

CAPL \.N'th cofilin and actin in dynamic peripheral regions OfaItering the twist of the actin filaments (McGough et al., 1997).
spreading cells. ; . ;
In contrast, Aipl homologues prefer cofilin-bound F-actin as

In addition to CAP1, another isoform, CAP2, exists in. ! .
. ' ' ' . its target (lida and Yahara, 1999; Okada et al., 1999; Aizawa
mammals (Yu et al., 1994, Swiston et al., 1995). We examine al., 1999; Rodal et al., 1999). The actin-binding property of

the localization of human CAP2-NT and found that it also S L
colocalized with cofilin in the lamellipodia (Fig. 6Cg,h). Our CAP1 is different from other known actin-binding molecules.

recent biochemical study has also verified that the propert Cofilin strengthens the association between the CAP1-NT and

o ; polymerized actin, while reducing the basal weak
of CAP2-NT are very similar to those of CAPL-NT, with ;oo iation of CAP1 domains with F-actin (Fig. 4). It may also
particular reference to the association with the cofilin-acti

. 'be possible that the observed co-sedimentation of CAP1
complex (K.-M. and I.Y., unpublished). domains with F-actin was due to non-specific trapping by the
F-actin pellet. Our results strongly argue that CAP1-NT
associates primarily with the binary actin-cofilin complex, but

Discussion ; . . X !
Novel mod fint tion bet h CAP1 and it remains to be determined whether CAP1-NT associates with
ac?t\i/r? modes ot interaction between human an other forms of the complex containing three or more molecules

) of actin and/or cofilin.

CAP1 and CAP homologues have been characterized as potentrhe intracellular localization of CAP1 was consistent with
inhibitors of actin polymerization (Gieselmann and Mannits biochemical properties. It is present in dynamic regions of
1992; Freeman et al., 1995; Gottwald et al., 1996). Domairthe cell periphery, which are also enriched with both actin and
mapping studies have attributed their actin-binding activity tqofilin. Interestingly, CAP1-NT is primarily responsible for the
the C-terminal domain (Freeman et al., 1995; Gottwald et algolocalization of CAP1 with actin and cofilin. Thus, it is
1996; Hubberstey et al., 1996; Zelicof et al., 1996). In additionpossible that association of the N-terminal domain of CAP1
some reports have demonstrated that the C-terminal domaifgth the actin-cofilin complex determines CAP1 localization
of several CAP homologues bind to G-actin and thereby inhibitecause the cofilin-actin complex was recognized specifically
actin polymerization (Freeman et al., 1995; Gottwald et alhy the CAP1-NT but not by the CAP1-CT (Fig. 4A). Further
1996). Our novel finding shows that either CAP1 or CAP1-CTanalysis of CAP2-NT showed that the actin-modulating
can facilitate the addition of G-actin onto the barbed end diunction of the N-terminal domain is conserved between
actin filament, although inhibition occurs at higherhuman CAP1 and CAP2 (K.M. and L.Y., unpublished). Noegel
concentrations (Fig. 5E). The optimal amount of CAP1 for thet al. (Noegel et al., 1999) reported that the enriched
recruitment of G-actin increased remarkably when cofilin watocalization of eDictyosteliumCAP homologue at anterior and
present. At the same time, cofilin broadened the effectivposterior edges of cells required its N-terminal domain but not
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its C-terminal one. Thus, interaction of CAP-NT with actin stimulates dissociation of the ADP-actin monomer from cofilin
may occur in this organism, too, and possibly be conserved should promote actin turnover. Higher eukaryotes possess
different species. cofilin kinases (including LIM kinases), which inhibit actin-
binding by cofilin through phosphorylation (Arber et al., 1998;
o o ) Yang et al., 1998; Smertenko et al., 1998; Lian et al., 2000;
Synergistic effects of CAP1 and cofilin in accelerating Aizawa et al., 2001). Phosphoinositides, which are present
actin dynamics even in lower eukaryotes, also prevent cofilin from binding to
A rapid turnover of actin filaments is essential for actin-basegctin (Yonezawa et al., 1990; lida et al., 1993; Aizawa et al.,
cell motility, and cofilin-ADF accelerates this turnover (Carlier1995). It is thought that cofilin-kinases and/or
et al., 1997; Rosenblatt et al., 1997; Lappalainen et al., 199hosphoinositides might promote the dissociation of the
Our novel findings illustrate several mechanisms behind thgofilin-actin complex. Our study identified CAP1 as a more
rapid turnover observed in the presence of both CAP1 angtomising factor to have such a property. CAP1 is perhaps
cofilin. CAP1 greatly enhances the effect cofilin has on th@etter suited for this role because it relieves the inhibitory effect
turnover rate of actin filaments (Figs 3, 5). Our detailecyf cofilin on nucleotide exchange on G-actin via the interplay
dissection of this effect revealed that it is brought about by fouss jts N- and C-terminal domains. In addition, its C-terminal
distinct ag:tivities, as illustrated in Fig. 7. First, CAP1 facilitatesyomain is capable of stimulating nucleotide exchange on its
the addition of ATP-actin monomers onto the barbed end ofyy,  Therefore, CAP1 effectively recycles both actin and
actin filament, an effect that is more pronounced in theqilin for rapid actin turnover.
presence of cofilin. This effect is biphasic and is a function of Freeman et al. (Freeman et al., 2000) recently reported that
the concentration of CAP1 and mediated by its C-terminghg mjcroinjection of CAP1 into fibroblasts stimulated the
domain (Fig. SE). As discussed above, the effectivg, mation of actin filaments in the cytoplasm and proposed a
concentration range for this biphasic trend is significantl ossible role of CAP1 in promoting actin assembly in vivo.

extended in the presence of cofilin. However, this property th :
X ! . ough they did not uncover how CAP1 could promote the
CAP1-CT has another side to it —that is, a much larger amou f:tin assembly in cells, our present study will help interpret

of it greatly accelerates the disassembly of actin filameng. .. -

exclusively at the barbed end (K.M. and LY., unpublished;].[ eir observation.

This effect argues for the presence of an interaction between

CAP1-CT and the barbed end. Second, CAP1 increases the rg{gnctional similarity and difference with profilin

of subunit release at the pointed end of the actin filament ariﬂ S. cerevisiagloss of function of the C-terminal domain of

s o oy com s v s sy o A1 CAP 15 compencated by profin 3 smal act-indig ot

: P y . Vity and the cells lacking profilin are phenotypically similar to those
(Fig- 5B), and the C-terminal domain augments it, probably b'\flacking CAP-CT (Vojtek et al., 1991). In addition, expression
recycling cofilin and/or the N-terminal domain of CAP1. Third, f both MRNA and protein ofI’CAP is.remarkably,upregulated

CAP1 accelerates nucleotide exchange on G-actin t o : .
regenerate readily polymerizable ATP-actin (Fig. 5C,D)ln profilin-minus cells oDictyostelium(Gottwald et al., 1996).

: : : : - ‘The role of profilin in actin turnover has been studied in detail
CAP1-CT is essentially responsible for this activity. CAP1-NT, " ) . ; ) .
was found to play an interesting role in this activity. AIthough(P”ng et al., 1992; Pantaloni and Carlier, 1993; Perelroizen et

it had no apparent effect on nucleotide exchange in the abserfle 1996; Selden et al., 1999; Wolven et al., 2000). Profilin
of cofilin, it was found to relieve the inhibitory effect of cofilin acCelerates nucleotide exchange on G-actin and facilitates

on nucleotide exchange only when CAP1-CT was preseﬁl“bunit addition onto the barbed ends. Thus, profilin promotes
together. This finding sheds light on the physiologicalthe turnover of actin filaments in a similar manner to CAP1

significance of the reported interaction between the N- and @&nd exhibits synergy with cofilin as well (Didry et al., 1998).
terminal domains within CAP1 and CAP2 molecules!n Spite of these studies, CAP homologues have long been
(Hubberstey et al., 1996). The pronounced effect of CAP1 ofegarded as mere |nh|b|t_c_>rs _of actin po_lymenzatlon. CAP1-CT
cofilin-induced acceleration of actin turnover would be&ctually resembles profilin in its activity as revealed by our
achieved through the integration of the four activities of CAP1Study. In reality, this similarity probably underlies the observed
which involves a coordinated interplay between its N- and csuppression cACAP-CTby profilin in yeast. In clear contrast
terminal domains. to CAP1, profilin does not associate with the cofilin-actin
Fragmentation of actin filaments affects actin dynamics. Ou¢omplex and thus cannot directly dissociate the complex. In
analysis refutes the possibility that CAP1 or its domains sevéther words, profilin does not possess CAP1-NT-like activity.
actin filaments in the absence of cofilin. At this time, howevertHence, CAP1 is unique in having a cofilin-dependent activity
we cannot completely exclude the possibility that CAP1n its N-terminal domain.
enhances severing by cofilin. If such enhancement does indeed
occur, we think it is merely an indirect effect of CAP1. After . ]
released from the pointed end of the filament, the ADP-actif-0ssible cellular regulators of CAP1 function
cofilin complex should dissociate much faster in the presendsaternal proline-rich regions of CAP homologues have been
of CAP1. As a result, released cofilin may make a seconkgported to interact with several proteins implicated in
attack on F-actin to sever filaments again. cytoskeletal regulation (Freeman et al., 1996; Lila and Drubin,
As mentioned above, cofilin strongly inhibits the nucleotidel997). In addition, CAP homologues contain a sequence
exchange of ADP-actin. This property of cofilin probablyrelated to a verprolin homology domain, which is part of the
impedes the turnover of actin filaments. Any factor thaWASP-family of actin-binding proteins (Baum et al., 2000).
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These regions may also affect the modulation of actiffedor-Chaiken, M., Deschenes, R. J. and Broach, J. R990).SRV2a gene

dynamics by CAP homologues or cofilin in living cells. F fquujifec\i/ for EA/E agti\lllation OfRadgn?llate éyclgstﬁ in”)_/%ﬂl-gl, 329-34%
Moreover, CAP is a component of the Ras signalling'¢!d: J- Voitek, A., Ballester, R., Bolger, G., Colicelli, J., Ferguson, K.,

] - . Gerst, J., Kataoka, T., Michaeli, T. and Powers, §1990). Cloning and

pathway inS. cerevisiaeln reSpon_Se to glucose, Ras actl_vates characterization of CAP, ti&. cerevisiagiene encoding the 70 kd adenylyl

Cyrl, an adenylyl cyclase, to stimulate cAMP syntheS|s and cyclase-associated protei@ell 61, 319-327.

promote cell growth. CAP exists as a complex with Cyrl andreeman, N. L., Chen, Z., Horenstein, J., Weber, A. and Field, J1995).

aids Ras signalling (Field et al., 1990; Fedor-Chaiken et al., An actin monomer binding activity localizes to the carboxyl-terminal half

~ : ; ; ; AT of the Saccharomyces cerevisiagclase-associated proteih.Biol. Chem.
1990). The N-terminal region of CAP mediates its binding to 270, 5680-5685.

Cyrl, and this association generates a second binding site {8eman, N. L., Lila, T., Mintzer, K. A., Chen, Z., Pahk, A. J., Ren, R.,
Ras (Shima et al., 2000). To date, relevant mammalian targetorubin, D. G. and Field, J.(1996). A conserved proline-rich region of the

of CAP1-NT or CAP2-NT have not been identified, although Sagchaglr?{ces ;terel\(/isli?vlc:asel_asts&cii)?tecd ﬁ)rcl)at_eilnlféingjgsslgg domains
human CAP1 may bind to yeast adenylyl CyCIase in fiSSiOEreazgmgO ltljal_esaildolszi;:% oz%aoga IMarrl1maeli:;1n Iﬂémélo (_)f thé east
yeas_t (Yu_ et al., 1994)' This is t_he first StUdy to 'F’?”t'fy_a cyclasé associated protéin, (CAP/%I’VZD, regulates actin ?ilament ayssembly.
physiologically relevant mammalian target: the cofilin-actin - Cell Motil. Cytoskeletod5, 106-120.

complex. However, it is likely that the interaction betweenGerst, J. E., Ferguson, K., Vojtek, A., Wigler, M. and Field, J(1991). CAP
CAP1 and actin-cofilin may be regulated by an unidentified is a bifunctional component of th8accharomyces cerevisialenylyl

_ ; i ; ; cyclase complexMol. Cell. Biol, 11, 1248-1257.
partner of CAPL-NT, pOSSIny a Ras/Cyrl like Slgna"mgGieselmann, R. and Mann, K.(1992). ASP-56, a new actin sequestering

molecule. protein from pig platelets with homology to CAP, an adenylate cyclase-
associated protein from yeaBEBS Lett298 149-153.
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